phosphorylations, i.e., in fructokinase, phosphofructokinase, and pyruvate phosphopherase activity, as well as stimulation of oxidative phosphorylation, carbohydrate metabolism, respiration, fatty acid oxidation, and decarboxylation of malate has been reviewed (Lardy, 1951; Lehninger, 1950) . Potassium also stimulates metaphosphate (Schmidt et al., 1949) , acetoin (Nossal, 1952) , and pantothenate formation (Maas, 1952) ; aldehyde dehydrogenase (Black, 1951) and lactase activity (Cohen and Monod, 1951) ; acetate activation by coenzyme A (Stadtman, 1952) ; various oxidations (Quastel and Webley, 1942) ; and this cation is required for the growth of several microorganisms (MacLeod and Snell, 1947; Rahn, 1936; Falk, 1923) (Friedman and Fox, 1953) .
phorus, and nitrogen substrates and the resultant synthesis of cell mass, as well as purine synthesis by one pathway, are dependent quantitatively on potasium concentration.
MATERIALS AND METHODS
Chemicals. The inorganic salts used were either cp or reagent grade. Other substances were obtained commercially and where necessary were converted to the neutral sodium salts. Several were found to be contaminated with significant amounts of K+ and were treated with the cation-exchange resin IR-120(Na+).
Media and organism. The growth medium designated SGH contained per liter Na2HPO4, 6 g; NaH2PO4, 3 g; NH4Cl, 1 g; NaCl, 1 g;
MgSO.-7H20, 0.1 g; glucose, 4 g and histidine, 80 mg; the latter two being autoclaved and added separately. Such media on analysis contained 125 mEq Na+, 18.7 mEq NH+, 0.08 mEq Mg++, and less than 0.03 mEq K+. All additions were prepared in medium SGH. In this medium histidine enhances the growth response of E. coli, strain B, and the K+ effects reported are independent of its presence.
E. coli, strain B, and the auxotrophs, B96 and M48A-33, were used. B96 is a purine auxotroph from E. coli, strain B, M48A-33 is a p-aminobenzoic acid (PABA) auxotroph from E. coli, strain W; both accumulate 4-amino-5-imidazolecarboxamide (AIC) (Gots, 1950; Gots and Chu, 1952) . The organisms were maintained on agar slants of similar media containing 5.1 mEq K+ per L as KCl, supplemented with 5 jig per ml of xanthine for growth of B96 and 5 mpAg per ml of p-aminobenzoic acid for M48A-33, and stored at 5 C. To prepare inocula for experiments, about 105 organisms per ml taken from week old slants were grown 17 to 19 hours in media containing 0.13 ,Eq K+ per ml. These were harvested and washed twice by centrifugation with either 0.05 M tris-(hydroxy-methyl) aminomethane buffer, pH 7.4, or distilled water and adjusted to suitable concentration. Unless otherwise indicated, an inoculum of about 4 X 104 organisms per 5 ml was used in the actual experiments.
Methods. Studies were done in acid cleaned test tubes, suitably rinsed and covered with aluminum caps. Turbidity was read on a KlettSummerson photoelectric colorimeter with a 54 filter. Reducing sugar was determined by the method of Somogyi (1952) and Nelson (1944) , 4-amino-5-imidazolecarboxamide as diazotizable amine (Brattan and Marshall, 1939) following acetylation with acetic anhydride at pH 7 for 30 minutes (Stetten and Fox, 1945 ) using a synthetic hydrochloride salt as standard, phosphorus by the methods of Fiske-SubbaRow (1925) or of Lowry and Lopez (1946) , adenosine triphosphate pyrophosphate as 7 minute hydrolyzable phosphate (LePage and Umbreit, 1945) , and ammonia by a micro-nesslerization technique (Johnson, 1941) . Pentose and desoxypentose nucleic acids were determined by the methods of Drury (1948) and Stumpf (1947) Lowry and Hastings (1942) . The defatted cells were extracted with 0.75 N nitric acid (Lowry and Hastings, 1942) (Fox, 1951 ;&Eq per ml of Na+, NH4, or Mg++ ions. This inability of increae K+ to reverse inhibitions by these cations at optimal ratios makes unlikely the possibility that the K+ effect is primarily due to a competitive ion altago i r.
-(2) Poltasium partitfion in E. coli. IntraceRulr K+ in E. coli is partitioned between a freely diffusible fraction and a retained or "4bound" fraction (Lardy, 1951) and the alleged impermeability of cells to extracellular adenosine triphosphate, the adenine nucleotide pyrophosphate contents of dried cells grown on median and optimal concentrations of K+ were determined. Small but comparatively greater amounts of nucleotide pyrophosphate were found in celLs grown on optimal K+ concentrations (table 1, column b).
(4) Potassium and purine biosJnthe8si. The relationship of K+ to the synthesis of intracellular components was studied in a representative process: accumulation of bacterial derived 4-amino-5-imidazolecarboxamide (Fox 1942; Stetten and Fox, 1945; Shive et al., 1947) as an index of the purine synthesizing process by two auxotrophs. The (Ravel et al., 1948) . M48A-33 supplemented with 5 mpug p-aminobenzoic acid per ml, B96 with 10 pg xanthine per ml. Data pg per ml except turbidity.
syntheses independent of growth may be obtained by utilizing auxotrophs which accumulate precursor but do not grow in the absence of auxotrophic substance.4 In this way the K+ dependence of 4-amino-5-imidazolecarboxamide accumulation in the absence of growth was demonstrated with dense cell suspensions of the purine and p-aminobenzoic acid auxotroph (figure 3). Furthermore, in experiments with metabolic inhibitors which block 4-amino-5-imidazolecarboxamide accumulation by B96 in such a system, K+ in high concentrations was able to lessen the extent of inhibition of 4-amino-5-imidazolecarboxamide accumulation by azide and fluoride (table 3) . Inhibition by 1 X 10-' mi iodoacetic acid, 1 X 10-2 M sodium cyanide, and 4 X 104 M dinitrophenol created blocks in metabolism not reversible by similar concentrations of K+.
In keeping with this data, wild type E. coli, strain B, grown in optimal K+ concentrations had relatively higher pentose nucleic acid contents than cells grown in median K+ concentrations; desoxypentose nucleic acid contents were almost equal (table 1, columns c and d).
4Dr. J. S. Gots kindly made available his data with the auxotroph B96 (Gots and Love, 1954) . The p-amino-benzoic acid auxotroph was similarly found to accumulate 4-amino-5-imidazolecarboxamide in the absence of growth. (Ravel et al., 1948) containing increasing concentrations of K+. In absence of auxotrophic substance turbidity remained constant and the histidine in medium SGH did not relieve the purine requirement of B96. Nonacetylatable diazotizable amine per ml determined at 3 hours is plotted against K+ concentration. System: 0.5 ml cells (0.8 mg dry wt), 0.1 ml inhibitor, K+ as KCI, 20 pg/ml glutamic acid and glycine (Ravel et al., 1948) (Hotchkiss, 1923; Winslow and Dolloff, 1928; Roberts et al., 1949) .
The free outward diffusion of K+ which occurs during harvesting and washing of the cells in preparation for analysis may account for the wide range of values of K+ reported in microorganisms. The higher total value of K+ in E. coli, strain B, reported here is based on a more critical accounting for the freely diffusible K+ fraction and supersedes values previously reported by this laboratory (Friedman and Fox, 1953) . The retained K+ fraction would appear essential for metabolic competence but insufficient for optimal functioning. As evidence for this, no difference was found in the retained fraction of median and optimal grown cells, indicating that quantitative intracellular incorporation of K+ is not the sole basis for its stimulating effect. Washed dense cell suspensions containing only such a store of K+ function at suboptimal levels; furthermore, the addition of various substrates including K+ mediated reaction products does not relieve this requirement. The addition of small quantities of K+ to such cells, however, causes a marked rise in activity, suggesting a catalytic function and attesting to the importance of the freely diffusible fraction for optimal metabolism.
The comparatively increased adenine nucleotide pyrophosphate content of cells grown with optimal K+ and the failure of K+ mediated reaction products to relieve this K+ requirement suggest that this cation may function at several levels: in energy synthesis or its transport, or in coupled reactions between energy and substrate levels leading to assimilation. Involvement of K+ in such functioning would explain adequately the metabolic role of this cation in the processes illustrated in this paper: in assimilation of substrates during and in the absence of growth. Some extension is required also of the common concept that K+ transport is dependent on metabolism since optimal metabolism itself is dependent on K+.
A requirement for K+ in purine synthesis as measured by bacterial 4-amino-5-imidazolecarboxamide accumulation which is independent of growth and occurs prior to closure of the purine ring also has been demonstrated. This is reflected in the comparatively increased syntheses of more actively metabolized pentose nucleic acid in cells grown in optimal K+ concentrations and in the ability of K+ to relieve partially the inhibition of 4-amino- 
